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ABSTRACT

The development of a novel bi-stable shutter
mechanism for an optical instrument is described in
[1]. The mechanism is driven by shape memory alloy
(SMA) wires that open the covers, close them, and
keep them at the end position in-between operations.
The first functional tests of the assembled mechanism
revealed a rapid degradation of the performance and,
consequently, early failure of the mechanism. This
paper presents the design modifications and the
successful verification campaign that was performed
with an engineering model of the modified mechanism.
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INTRODUCTION

The mechanism serves as contamination protection and
as temperature-controlled black-body calibration
source for the optical subsystem of an infrared
radiometer (depicted in Fig. 1). The main body of the
mechanism is located in a slot in the electronics
compartment of the instrument. The electronics
compartment sits on top of the optical bench, which
houses the two telescopes and the related optical
hardware. The mechanism covers are located in front
of the telescopes.

Figure 1: Instrument and mechanism with closed
covers (with gravity compensation, without MLI)
The two stable (i.e., powered-off) states of the
mechanism are:
- covers fully closed (0° position, as shown in
Fig. 1), during launch, instrument idle times, and
calibration
- covers fully open (+105°, as shown in Fig. 2)
during science data acquisition

Figure 2: Fully opened covers (with gravity
compensation, without MLI)
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DESIGN, DEVELOPMENT, AND
VERIFICATION APPROACH

The initial mechanism concept was developed in the
frame of an instrument project with a pre-development
phase, based on the following driving requirements:
- simple and low-cost shutter mechanism
- stability at end positions without power being
applied
- stringent requirements for magnetic moment
- power consumption of max. 2.5 W during
operation
- open-loop control with constant direct current
Late in the development phase, the following
requirements were introduced:
- covers to act as temperature-regulated black body
calibration source
- arrival at end positions to be indicated by switches
A thorough verification and validation program was
foreseen early on in order to reduce the risk associated
with implementing a technology never used before
within a full-scale instrument project. Therefore, the
following verification levels were foreseen:
- Component level tests for early risk mitigation
associated with the SMA technology (in particular
with respect to the behavior of the SMA wires and
the best possible wire termination)
- Subsystem tests (launch lock device, combined
operation of cover openers/closers)
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Tests on system (= mechanism) level (with
breadboard electronics)
End-to-end tests on instrument level (with flight
electronics)

-

In the frame of this verification and validation
approach, the following models were planned:
- SMA wire test rig
- Technology demonstrator for alternating (agonistantagonist ) SMA wire motion
- Launch lock device breadboard
- Early mechanism breadboard
- Mechanism engineering model (EM)
- Mechanism flight model (FM)
The flight model was later cancelled as a consequence
of the cancellation of the platform for the instrument.
The development and verification sequence that was
eventually performed is shown in Fig. 3, including a
correlation to the respective sections of this paper.
Concept selection
Open and close the mechanism covers by alternately
contracting SMA wires
Component-level
testing (section 5)

Subsystem level
testing (section 6)

mechanism as well as the design changes implemented
after mechanism-level testing. The tests and test results
that led to the designs presented here are described in
detail in sections 5ff.
Initial design
The initial concept that was designed based on the
driving requirements listed in section 2 has been
presented in detail in [1]. Only a short overview is
presented in the following paragraphs.
The initial concept was developed in parallel to and
based on the lessons learned from the component and
subsystem level tests (refer to sections 5 and 6). It
employs nickel-titanium (NiTi) shape memory alloy
wires that contract when being heated up. The linear
motion of the SMA wires is converted to a rotatory one
of the covers by means of a pulley. One-way SMA
wires were chosen that remain in the twinned
martensite (“short”) condition after being heated up, in
order to keep the covers at the respective end stop after
powering off the mechanism. As the stretched state of
the SMA wires contains an elastic contribution, the
wires contract slightly when removing the load. A free
wheel was added to the pulley that allows the SMA
wires to relax while the covers are kept at the end stops
by bearing friction.

•
•
•
•

Initial mechanism design (section 4)
0.3 mm one-way effect SMA wires
Pulley with free wheel
End switches
Pin-puller launch lock

Remove force

De-twinned martensite state
Heat
Austenite state
Cool down
Twinned martensite state
Apply force

Elastic contribution

-

De-twinned martensite state

Mechanism-level testing (section 7)
Failure investigation & lessons learned (section 8)

•
•
•
•
•

•
•

Modified mechanism design (section 4)
0.5 mm two-way effect SMA wires
Pulley (increased diameter) with free wheel
Spring
End switches
Pin-puller launch lock
Mechanism-level testing (section 7)
Function and performance verified under representative
conditions
Life demonstrated

Figure 3: Performed development and verification
sequence
4

DESCRIPTION OF DESIGN AND
CONCEPT OF OPERATIONS

This chapter presents the initial design of the

Figure 4: One-way SMA effect
In the initial concept, an agonist-antagonist operation is
employed to open and close the covers. The following
sequence
is
performed
for
one
complete
opening/closing operation of the covers:
A1. Power the opening SMA wire.
• The opening SMA wire changes its state from
de-twinned martensite to austenite (i.e., it
contracts).
• This opens the covers and stretches the
closing SMA wire.
• The closing SMA wire changes its state from
twinned martensite to de-twinned martensite
(incl. elastic contribution).
A2. Switch off the power to the opening SMA wire
after the covers are fully opened.
A3. Let the opening wire cool down.
• The opening SMA wire changes its state from
austenite to twinned martensite.
• The closing SMA wire remains in de-twinned
martensite state; the elastic component returns

to zero.
A4. Power the closing SMA wire.
• The closing SMA wire changes its state from
de-twinned martensite to austenite (i.e., it
contracts).
• This closes the covers and stretches the
opening SMA wire.
• The opening SMA wire changes its state from
twinned martensite to de-twinned martensite
(incl. elastic component).
A5. Switch off the power to the closing SMA wire
after the covers are fully closed.
A6. Let the closing wire cool down.
• The closing SMA wire changes its state from
austenite to twinned martensite.
• The opening SMA wire remains in de-twinned
martensite state; the elastic component returns
to zero.
In order to avoid clashes with the instrument, hard end
stops are located at the fully closed (0°) and fully
opened (105°) positions of the covers. End switches for
indicating that the end positions have been reached and
that the power to the respective SMA wire can be
switched off were added late in the development phase.
The power to the SMA wires is either switched off
after end switch actuation or after a timeout (value
modifiable via tele-command).
The SMA wires used for opening the covers as well as
the ones used for closing them are implemented with
cold-redundancy, i.e., a total of four wires are used.
The SMA wires are heated directly (“Joule-heating”)
instead of passively by separate heaters.
A pin-puller launch lock, also working with coldredundant SMA wires, was implemented to keep the
covers in the closed position during launch without
power being applied. A compression spring is used to
keep the lock bolt and, thus, the covers in place. The
design allows for easily resetting the launch lock on
ground. Reset on orbit is not supported by the design.
Slip ring

Pulley &
free wheel

105° end switch
Red. closing SMA wire

Sliders

The one-way SMA wires were replaced by two-way
ones, i.e., wires that return to the de-twinned martensite
state when cooling down, without external force being
applied.
De-twinned martensite state
Heat

Cool down
Austenite state

Figure 6: Two-way SMA effect
The operating sequence with the modified mechanism
is as follows:
B1. Power the opening SMA wire.
• The opening SMA wire changes its state from
de-twinned martensite to austenite (i.e., it
contracts).
• This opens the covers.
B2. Switch off the power to the opening SMA wire
after the covers are fully opened.
B3. Let the opening wire cool down.
• The opening SMA wire changes its state from
austenite to de-twinned martensite (i.e., it
expands).
B4. Power the closing SMA wire.
• The closing SMA wire changes its state from
de-twinned martensite to austenite (i.e., it
contracts).
• This closes the covers.
B5. Switch off the power to the closing SMA wire
after the covers are fully closed.
B6. Let the closing wire cool down.
• The closing SMA wire changes its state from
austenite to de-twinned martensite (i.e., it
expands).
The pulley diameter and the length of the SMA wires
were increased to improve the robustness of the
mechanism. Redundancy of the SMA wires was
abolished in order to accommodate the longer SMA
wires in the original housing
Spring

Pulley with
increased diameter

Main closing SMA wire

Opening SMA wire
with increased length

0° end switch
Red. opening SMA wire

Cover

Main opening SMA wire

Figure 5: Initial mechanism design
Modified design after initial mechanism-level tests
During testing on mechanism level (refer to section 7),
several observations were made that required a redesign of the mechanism.

Closing SMA wire with
increased length

Figure 7: Modified mechanism design
The SMA wire diameter was increased to 0.5 mm
(from 0.3 mm in the initial design) in order to increase
the torque margin of the mechanism. Prior to
integration to the mechanism, all SMA wires are now

run-in until their stroke has stabilized.
A spring was added to support the motion of the SMA
wires and to hold the covers at the two end stops after
powering off the SMA wires.
Table 1: Main mechanism properties (for vacuum
environment)
Parameter
Value
Mass
1.10 kg (w/o MLI)
Power consumption
Launch Lock release
< 1.2 W
Cover rotation
< 9.0 W
End positions / stand-by
0.0 W
Actuation time
Launch Lock release
< 10 s
Cover rotation
<7s
Idle time after each actuation
(SMA wire cool-down)
T < -5°C
< 60 s
-5°C < T < +40°C
< 120 s
T > +40°C
< 300 s
Temperature range
Operating
-5°C … +40°C
Non-operating
-5°C (*) … +70°C
(*) lower temperatures possible but not tested so far
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COMPONENT-LEVEL TESTING

Component level tests were performed for early risk
mitigation. The focus lay on obtaining a better
understanding of how the SMA wires worked and of
how to handle the interfaces (mechanical, electrical,
thermal) between SMA wires and mechanism.
The principle behavior of the SMA wires was
investigated with linear SMA wire test rigs, under
ambient as well as vacuum conditions.
Tests with the setup shown in Fig. 8 demonstrated that
a 0.3 mm thick one-way effect SMA wire that was
heated above its austenite start temperature was able to
hold a weight of 26 N levelled. When powered off, the
wire quickly was stretched by the weight. This
demonstrated that such an SMA wire
- can lift weights lower than 26 N (conservative, as
the friction of the pulley was not accounted for),
and
- can be stretched (i.e., brought back to the detwinned martensite state) by a force significantly
lower than 26 N,
verifying that the agonist-antagonist operation foreseen
for the mechanism was possible. This was confirmed
by tests that yielded a force of approx. 5 N required for
stretching the same SMA wire from the twinned
martensite condition back to its original length. The
stroke of the SMA wires was approx. 4% of their
length in twinned martensite state.
After the observations made during mechanism-level
testing (described in section 7), component level tests

were repeated with 0.5 mm diameter two-way effect
SMA wires. The load capability of these wires was
44 N. However, the stroke of these SMA wires was
significantly lower than the one of the 0.3 mm one-way
effect wires: when heated, the wires initially contracted
approx. 3.3% of the length in the twinned martensite
(= “short”) state. Endurance tests with a representative
load showed that the stroke declines to approx. 2.5%
after ~10’000 cycles, where it stabilizes. The value of
2.5% was used to calculate the required SMA wire
length for the modified design of the mechanism.
Testing under vacuum conditions verified the
assumption that the SMA wire performance under
vacuum differs from the performance under
atmospheric pressure. This was in line with the results
obtained from simulations prior to testing. Without
convective heat transfer, heating up the SMA wires is
slightly faster (5.5 seconds vs. 6 seconds at +20°C),
i.e., the wire contracts earlier, whereas the cool-down
time of the wire is significantly higher (120 seconds vs.
15 seconds at +20°C). The latter observation is of
importance as the testing also showed that forcibly
stretching a hot SMA wire leads to accelerated
degradation of the wire.
Covering the SMA wires with black shrouds (or black
painting of the surrounding components) within the
mechanism was investigated. The cool-down time
could be reduced by several seconds. However, such a
shroud was not implemented in favor of more robust,
electrically non-conductive surfaces.
Pulley
Dummy mass SMA wire

Black shroud
around SMA wire

Figure 8: Measurement of load capability
The results of TV testing demonstrated the need for
functional testing under representative thermal vacuum
conditions during the verification campaign of the
assembled mechanism. On the other hand, accelerated
life testing would only be possible under ambient
conditions due to the long cool-down times under
vacuum conditions.
The SMA wires frequently broke when running them
over pulleys. Investigations yielded material fatigue at
the locations that were bent each cycle (refer to Fig. 9).
In order to prevent early failure of the mechanism due
to SMA wire fatigue, the mechanism design was
chosen such that the SMA wires only operate linearly.

The transfer of the linear motion to a rotatory one is
achieved by running a polyethylene cord over the
pulleys. The point of attachment of the polyethylene
cord to the SMA wire defines the mechanical interface
of the SMA wire to the mechanism.
SMA wire
breakes here

SMA wire

Pulley

with a high-precision linear travel device. The launch
lock was released by applying power (1.2 W) to one of
the SMA wires for approx. 5 seconds. Subsequently,
the launch lock was reset manually and the redundant
SMA wire was powered. A total of 100 releases were
performed successfully under ambient conditions,
which is a worst-case scenario due to the presence of
convective heat transfer. For all cycles, the contraction
of the SMA wires was sufficient; the lock bolt reached
its end position, where it was latched by a secure bolt,
preventing it from returning back to the launch position
after the SMA wires were powered off.
Launch lock
stator

Figure 9: SMA wire failure when bent frequently
The component-level tests of the SMA wires showed
that the chosen approach of Joule-heating the wires
instead of applying heaters was feasible. Based on the
experience gained during testing, it was decided to
separate the mechanical and electrical termination of
the SMA wires. Fig. 10 shows how the electrical
interface of the SMA wire to the mechanism harness
(power wires) is achieved by squeezing both the SMA
wire and the power wire into a crimp sleeve. The
mechanical termination of the SMA wire is achieved
by clamping it between two halves made of Vespel.
This material is electrically (and, essentially,
thermally) non-conductive and, thus, prevents a short
circuit between power wire and mechanism structure.
The bolts of the Vespel halves are tightened in a
manner that prevents structural damage to the SMA
wire by quenching it too heavily. The polyethylene
cord that runs over the pulleys is attached to the
clamps.

SMA wire
Power wire

Crimp sleeve

Clamp

Figure 10: SMA wire termination
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Launch lock bolt (slides)
Linear measurement
device
Launch lock
housing
Launch lock
reset cord

Figure 11: Launch lock breadboard [1]
Technology demonstrator
A technology demonstrator for the alternating SMA
wire operation (agonist-antagonist operation) was
assembled from 3D-printed parts. Testing with the
technology demonstrator was performed in parallel to
the component-level tests. The demonstrator key
components were a pulley, the covers, and two oneway effect SMA wires (one for opening the covers and
one for closing them). As the SMA wire termination
concept with Vespel clamps had not been established
by the time the test was started, the SMA wires were
connected with bolts on one end and soldered to the
power wires on the opposite end. Neither end switches
and end stops, nor the free wheel were part of the
setup.
SMA wire connection with
soldered joint

SUBSYSTEM TESTING

Subsystem tests were performed with the following
models:
- Breadboard of the launch lock device
- Technology demonstrator for SMA wire agonistantagonist operation
Launch lock breadboard
The majority of the parts of the launch lock breadboard
were 3D-printed (thermoplastic). The parts were
assembled and mounted onto a test bench equipped

SMA wire connection with
bolt
Pulley

Figure 12: Agonist-antagonist technology
demonstrator

The opening/closing SMA wires were powered
alternately for ~5 seconds, with a cool-down phase of
approx. 15 seconds between any two operations. More
than 30’000 cover opening/closing motions were
performed, demonstrating the feasibility of the agonistantagonist operating concept.
By the end of the test, the stroke of the SMA wires
(and, consequently, the range of rotation of the covers)
had declined significantly. To account for this
degradation, the SMA wire length for the mechanism
was selected such that the stroke at end of life was
sufficient to rotate the covers over the full range from
0° to 105° and back. During testing on mechanism
level (refer to section 7) this decision was discovered
to be inappropriate.
The need for adding a free wheel to the pulley was
identified during the test with the technology
demonstrator. When being powered, the SMA wires
behaved as expected and opened/closed the covers.
After the desired position had been reached, the power
was removed and the agonist (the SMA wire that had
been powered) was allowed to cool down. During this
phase, the covers moved away from the target position
by approx. 20°. An investigation of the effect revealed
the elastic contribution of a loaded SMA wire (in this
case, the antagonist), as illustrated in Fig. 4. As soon as
the agonist was unpowered, it was stretched slightly as
the elastic contribution of the antagonist wire’s
deformation returned to zero. This resulted in the
covers being moved away from the target position. As
a consequence of this observation, a free wheel with
driving pins was added to the design. The free wheel
decouples the SMA wires from the covers; the covers
are kept at the target positions by bearing friction. The
later implementation of end switches resulted in the
need to revise this concept.
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MECHANISM-LEVEL TESTING

Two complete mechanism models were assembled:
- Early mechanism breadboard
- Mechanism engineering model
Early mechanism breadboard
The early mechanism breadboard mainly consisted of
3D-printed components. It was used for fit checks and
operator training.

Figure 13: Multi-layer insulation on early mechanism
breadboard

The feasibility of the free-wheel concept that had been
selected based on the lessons learned from the
subsystem tests with the technology demonstrator was
verified with this model.
Multi-layer insulation (MLI) was foreseen for all
stationary (non-rotating) parts of the mechanism that
are located outside the instrument housing. A
preliminary design of the MLI was established and
manufactured. The MLI was then integrated to the
mechanism breadboard in order to verify that the
rotational envelopes of the covers remained
unobstructed.
Mechanism engineering model (initial design)
The following tests were foreseen with the engineering
model of the mechanism:
- Physical properties
- Function and performance tests under ambient and
thermal-vacuum conditions
- Bake-out (to demonstrate that the SMA wires do
not contract at the max. non-operating
temperature)
- Life test
The operating sequence described in section 4 (steps
A1 to A6) was performed under ambient conditions
during the function and performance tests. Initially, the
covers rotated to the end stops and end switches at 0°
and 105° and remained at these positions after the
power to the SMA wires had been switched off.
However, the performance of the mechanism quickly
degraded: after only 10 opening and closing operations,
the covers no longer reached their end positions; the
end switches were not triggered anymore.
The launch lock device performance was unreliable. At
the nominal power of 1.2 W, the covers were in some
cases released within the nominal 5 seconds; in other
cases, the SMA wires hadn’t contracted sufficiently to
latch the lock bolt in its end position after more than
30 seconds.
As a consequence of the failures of the cover
opening/closing subsystem and the launch lock device,
the engineering model test campaign was stopped. An
investigation of the failures was performed. The
limitations of the mechanism design were identified
and the design was modified accordingly (refer to
section 8). Subsequently, the engineering model test
campaign was repeated.
Mechanism engineering model (modified design)
Successful operation of the cover opening and closing
SMA wires was demonstrated in the function and
performance tests performed under ambient conditions
(atmospheric pressure, +22°C) as well as thermal
vacuum conditions (pressure < 10-3 Pa, temperatures:
-5°C, +22°C, +40°C). All steps (B1 to B6) of the
sequence presented in section 4 were performed
nominally. The covers rotated to their end stops and the
switches were triggered within less than 7 seconds. The

function and performance tests were successfully
repeated after the life test, demonstrating that no
degradation of the performance of the mechanism had
occurred.
The actuation time, i.e., the time required to perform
one complete actuation, and the cool-down time of the
shape memory alloy wires were compared for the
different temperature and pressure environments. The
cool-down time is a crucial parameter as it describes
the minimum required idle time of the mechanism
between any two actuations. The functional tests
verified the assumption that the actuation and, in
particular, the idle times depend on the pressure and
temperature environment.
Table 2: Actuation and cool-down times
Pressure
Temp.
Actuation
Cool-down

Atm.
+22°C
<6s
< 15 s

Vac.
-5°C
<7s
< 60 s

Vac.
+22°C
< 5.5 s
< 120 s

Vac.
+40°C
<5s
< 120 s

The launch lock device operated nominally. As
presented in section 8, the power to the SMA wires
was increased to the maximum value supported by the
flight electronics (1.8 W) for ambient testing in order
to improve the robustness of the system. The covers
were released and the lock bolt was latched by the
secure bolt within 10 seconds.
A bake-out of the mechanism was performed under
vacuum conditions at the max. non-operating
temperature of 70°C. The switch status was monitored
permanently. After completion of the 49 h bake-out,
the mechanism was inspected and a functional check
was performed. None of the SMA wires had contracted
and the performance was in line with the performance
prior to the bake-out.
An accelerated life test was performed with the
mechanism engineering model. The test was performed
at atmospheric pressure and ambient temperature.
Testing in vacuum was not feasible due to the stringent
schedule and the long idle (cool-down) times required
between mechanism actuations in vacuum. 18’331
cycles, each consisting of one opening and one closing
actuation, were performed flawlessly.
Function and performance tests after the life test
showed that the mechanism meets the performance
requirements
under
worst-case
environmental
conditions at end of life.
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LIMITATIONS OF INITIAL DESIGN AND
IMPLEMENTED MODIFICATIONS

After the early failure of the mechanism-level tests
with the initial engineering model, a root-cause
analysis was performed. Extensive component-level
and subsystem level testing had been performed in
order to mitigate the risks associated with using the

completely new concept of agonist-antagonist
actuation with SMA wires in a space mechanism. The
lessons learned from this early testing phase had been
considered during the development in order to obtain a
robust design.
As a first step of the root-cause analysis for the early
failure of the mechanism, the differences between the
component/subsystem level designs and the
mechanism design were identified; the effect of the
differences on the mechanism performance was
investigated.
Pulley diameter
The SMA wire length chosen for the technology
demonstrator had been too large for accommodation in
the mechanism housing; the SMA wire length had to
be reduced. This was achieved by reducing the pulley
diameter. Although this modification was considered in
the torque budget analysis, the robustness of the design
suffered from the changed pulley diameter. As a
consequence, the pulley diameter was increased for the
modified design, and with it the SMA wire length. The
redundancy of the SMA wires was discarded in order
to accommodate the wires in the housing.
SMA wire run-in
The tests on subsystem level (with the technology
demonstrator) had shown that the SMA wire stroke
degraded during the performed 30’000 actuation
cycles. The SMA wire length for the initial design of
the mechanism had, thus, been chosen such that the
end-of-life stroke was sufficient to rotate the covers
over the entire range from 0° to 105°. At beginning of
life, the wire stroke was higher than required. When
the covers reached the end stops and end switches, the
power to the SMA wires was switched off. During the
latency between arrival at the end stop and cool-down
of the wire below the austenite start-temperature, the
SMA wires were exposed to very high stresses, as they
kept pulling the covers into the end stops. It is assumed
that this resulted in a rapid degradation of the SMA
wire performance. As a consequence, a run-in of the
SMA wires was introduced. All SMA wires to be
mounted to a mechanism are now run-in until their
stroke has stabilized. This is achieved after approx.
9’000 cycles. The run-in results in a more or less
constant SMA wire stroke over the entire mechanism
life, i.e., the SMA wire length for beginning of life
matches the one for end of life.
End-switches and spring
The end switches had not been part of the technology
demonstrator. Their mounting orientation was chosen
such that the switches do not exert a back-driving
torque on the covers while pressed. The tests showed
that the tolerances for this design were too small.
Aligning the micro switches with the precision
required for zero back-driving torque is not feasible.

Consequently, the switches exerted a force on the
covers when pressed; this force was higher than the
bearing friction and, thus, pushed the covers away from
the end stops. To overcome this issue, a spring was
added to the design. It supports the actuation of the
SMA wires and keeps the covers firmly at the end
stops when the SMA wires are unpowered.
Launch lock power
The design of the launch lock had not been changed
between subsystem testing and mechanism level
testing. Therefore, the test setups and configurations
were investigated. The subsystem tests with the launch
lock device breadboard had been performed in the
laboratory. The mechanism-level tests were performed
in a clean bench (refer to Fig. 14). The SMA wires of
the launch lock device were exposed to the laminar
(horizontal) air flow in the flow bench. As a
consequence, the heating of the SMA wires above their
austenite temperature took significantly longer or,
depending on the exact orientation of the mechanism,
was not possible at all with the nominal power. In
order to increase the robustness of the mechanism, the
power to the launch lock SMA wires of the mechanism
was increased to the maximum possible value
supported by the flight control electronics (1.8 W) for
all tests under ambient conditions. Tests under vacuum
conditions verified that the nominal (original) power of
1.2 W is sufficient for releasing the launch lock if no
convective heat transfer is present.
Air flow
Launch lock
SMA wires

Launch lock
housing
Launch lock
interface of cover

Figure 14: Mechanism in flow bench (gravity-neutral)
during function and performance testing

SMA wire diameter
Further steps were taken in order to improve the
robustness of the mechanism. The diameter of the
SMA wires was increased to 0.5 mm (instead of
0.3 mm), resulting in a higher load capability of the
wires.
Two-way SMA wire effect
The one-way effect SMA wires were replaced by twoway effect wires. Two-way effect wires return to their
initial length after cooling down, i.e., no force is
required to stretch them from the twinned martensite
state to the de-twinned one. Refer to Fig. 4 and 6 for an
illustration of both effects.
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SUMMARY AND CONCLUSION

A shutter and calibration mechanism for an optical
instrument was developed. A novel actuation concept,
employing shape memory alloy wires in an alternating
motion, was selected. After extensive testing on
component and subsystem level, an engineering model
was built up; the tests performed with this model failed
early. An investigation was performed and the lessons
learned were implemented into the modified design of
the mechanism.
Function and performance of the modified mechanism
was tested under representative ambient and thermalvacuum conditions. A life test with more than 18’000
opening and closing operations was performed. All test
results were nominal, demonstrating the feasibility of
the actuation concept and the success of the design
modifications.
The mechanism engineering model was integrated to
the instrument. End-to-end tests on instrument level
were performed flawlessly.
Environmental qualification of the mechanism will be
performed once a satellite platform has been identified
for launch of the instrument and as soon as the project
can continue towards a flight model.
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